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Description 
Sintered body of titanium compound 

Technical Field 

The present invention relates to a novel titanium 
compound. Further, the present invention relates to a sintered 
body of a titanium compound obtained by sintering the titanium 
compound, and a method for producing the same. Further, the 
present invention relates to an artificial bone material, an 
artificial joint material, an artificial tooth material or an 
artificial dental root (implant) material, constituted of those 
sintered bodies of the titanium compound. Further, the present 
invention relates to an artificial bone, an artificial joint, 
an artificial tooth or an artificial dental root, comprising 
those sintered bodies of the titanium compound. 

/ 
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Background Art [ 

Apatite has excellent bioaffinity and can directly be 
bonded to a bone tissue. Therefore, the apatite is widely used 
as a material for an artificial bone or an artificial dental 
root. Above all, calcium hydroxy apatite is a main component 
of a living hard tissue such as a bone or a tooth, and therefore 
is one of materials most well utilized. Further, it is known 
that (3-tricalcium phosphate (hereinafter referred to as 
"P-TCP" ) is easily absorbed in a bone, and is easily substituted 



with a new bone after being embedded in a living body. 

On the other hand, it is known that titanium has excellent 
strength and has low reactivity to a living body, and for this 
reason, is widely used as a material for an artificial joint 
or an artificial dental root ( JP-A-63-143057 ) . 

It is desirable that after once being embedded in the body, 
the material for an artificial joint , an artificial dental root , 
and the like is strongly bonded to a bone tissue, and is united 
with the bone tissue. 

However, titanium has low reactivity to a living body as 
described above, but on the other hand, has low affinity with 
a living tissue. Therefore, it was difficult to unite titanium 
with a bone tissue. 

For this reason, it has been conducted to cover a surface 
of titanium with apatite for the purpose of increasing 
adaptability of titanium to a bone tissue (for example, 
JP-A-3-186272) . 

In this case, however, it has been a current situation 
that a satisfactory bioadaptability is not obtained. 

On the other hand, as other composite material using 
apatite and titanium, a titanium compound produced by a 
coprecipitation method is reported ( JP-A-2000-327315 and 
JP-A-2001-302229 ) . The titanium compound is in a form of powder, 
and a product obtained by sintering this has not been known. 

Further, it is known that of inorganic substances, there 
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are some substances to be difficult to sinter the same alone 
as in fJ-TCP or the like. It is not known that the inorganic 
substance is mixed with the titanium compound above, and then 
sintered. 

Disclosure of the Invention 

The objects of the present invention are to provide a 
sintered body of a titanium compound obtained by sintering the 
titanium compound, and a method for producing the same . Further, 
the objects of the present invention are to provide a sintered 
body obtained by sintering a mixture of a titanium compound and 
an inorganic substance, and a method for producing the same. 

The present inventors have found that a sintered body of 
a titanium compound can be obtained by sintering the titanium 
compound under specific conditions, and such a sintered body 
is suitable as a material for an artificial bone and the like, 
and have completed the present invention. Further, the present 
inventors have found that a sintered body can be obtained by 
sintering a mixture containing a titanium compound and an 
inorganic substance under specific conditions, and such a 
sintered body is suitable as a material for an artificial bone 
and the like, and have completed the present invention. 

That is, the present invention is a titanium compound 
represented by the following formula (1) or (2): 

[ Ca 10 ( P0 4 ) e 1 Ti0 3 nH 2 0 ( 1 ) 
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[Ca 10 (PO 4 )6]TiO 2 (OH) 2 (2) 
(In the formulae, n is an integer of from 0 to 3). 

Further, the present invention is a sintered body 
obtained by sintering a titanium compound. 

Further, the present invention is the above -described 
sintered body, wherein the titanium compound is represented by 
the formula (1) or (2). 

Further, the present invention is the above -described 
sintered body, wherein the titanium compound is produced by 
adding an alkali to a solution containing a calcium ion, a 
titanium ion and phosphoric ion, thereby coprecipitating . 

Further, the present invention is a sintered body 
comprising perovskite and whitlockite. 

Further, the present invention is a sintered body 
substantially consisting of perovskite and whitlockite. 

Further, the present invention is the above -described 
sintered body, wherein the perovskite and whitlockite are 
obtained by sintering a titanium compound. 

Further, the present invention is the above -described 
sintered body, wherein the titanium compound is represented by 
the formula (1) or (2). 

Further, the present invention is the above-described 
sintered body, wherein the titanium compound is produced by 
adding an alkali to a solution containing a calcium ion, a 
titanium ion and phosphoric ion, thereby coprecipitating. 
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Further, the present invention is a method for producing 
a sintered body, comprising sintering a titanium compound. 

Further, the present invention is the above -described 
production method, wherein the titanium compound is represented 
by the formula ( 1 ) or ( 2 ) . 

Further, the present invention is the above -described 
production method, wherein the titanium compound is produced 
by adding an alkali to a solution containing a calcium ion, a 
titanium ion and phosphoric ion, thereby coprecipitating . 

Further, the present invention is the above -described 
production method, wherein the sintering is conducted at a 
temperature exceeding 800°C. 

Further, the present invention is the above -described 
production method, wherein the sintering is conducted under an 
inert gas atmosphere and/or under reduced pressure. 

Further, the present invention is the above -described 
production method, wherein the inert gas is xenon and/or argon. 

Further, the present invention is the above -described 
production method, wherein the sintering is conducted under a 
pressure of 10" 4 Pa or lower. 

Further, the present invention is a sintered body 
obtained by sintering a mixture containing a titanium compound 
and an inorganic substance. 

Further, the present invention is the above -described 
sintered body, wherein the titanium compound is represented by 
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the formula ( 1 ) or ( 2 ) . 

Further, the present invention is the above -described 
sintered body, wherein the titanium compound is produced by 
adding an alkali to a solution containing a calcium ion, a 
titanium ion and phosphoric ion, thereby coprecipitating. 

Further, the present invention is the above -described 
sintered body, wherein the inorganic substance is at least one 
selected from the group consisting of calcium hydroxyapatite , 
calcium f luoroapatite , |3- tricalcium phosphate, a-tricalcium 
phosphate, tetracalcium phosphate, metallic titanium, 
titanium oxide and platinum. 

Further, the present invention is a method for producing 
a sintered body, comprising sintering a mixture containing a 
titanium compound and an inorganic substance. 

Further, the present invention is the above -described 
production method, wherein the titanium compound is represented 
by the formula (1) or (2). 

Further, the present invention is the above -described 
production method, wherein the titanium compound is produced 
by adding an alkali to a solution containing a calcium ion, a 
titanium ion and phosphoric ion, thereby coprecipitating. 

Further, the present invention is the above -described 
production method, wherein the inorganic substance is at least 
one selected from the group consisting of calcium 
hydroxyapatite, calcium f luoroapatite, p-tricalcium phosphate. 
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a-tricalcium phosphate, tetracalcium phosphate, metallic 
titanium, titanium oxide and platinum. 

Further, the present invention is the above -described 
production method, wherein the sintering is conducted at a 

temperature exceeding 800°C. 

Further, the present invention is the above -described 
production method, wherein the sintering is conducted under an 
inert gas atmosphere and/or under reduced pressure. 

Further, the present invention is the above -described 
production method, wherein the inert gas is xenon and/or argon. 

Further, the present invention is the above-described 
production method, wherein the sintering is conducted under a 
pressure of 10~ 4 Pa or lower. 

Further, the present invention is an artificial bone 
material, an artificial joint material, an artificial tooth 
material or an artificial dental root material, constituted of 
the above -described sintered body. 

Further, the present invention is an artificial bone, an 
artificial joint, an artificial tooth or an artificial dental 
root, comprising the above -described sintered body. 

Brief Description of the Drawings 

The upper column of Fig. 1 is a view showing X ray 
diffraction result of the sintered body of a titanium compound 
of the present invention; the middle column is a view showing 



7 



X ray diffraction pattern of whitlockite; and the lower column 
is a view showing X ray diffraction pattern of perovskite. 

Fig. 2 is a view showing the relationship between a 
sintering temperature of the sintered body of a titanium 
compound and microvickers hardness. 

Fig. 3 is a view showing microvickers hardness of the 
sintered body of a mixture of the titanium compound and (3-TCP. 

Best Mode for Carrying Out the Invention 

The titanium compound of the present invention is 
represented by the following formula (1) or (2), and has a 
structure of titanic acid apatite: 

[ Ca 10 ( P0 4 ) e ] Ti0 3 nH 2 0 ( 1 ) 

[Ca 10 (PO 4 )6]TiO 2 (OH) 2 (2) 

(In the formulae, n is an integer of from 0 to 3). 

In the formula (1), n is from 0 to 3, and is preferably 

1 or 2. 

The titanium compound of the present invention can be 
produced by, for example, a coprecipitation method of adding 
an alkali to a solution containing a calcium ion, a titanium 
ion and phosphoric ion, thereby coprecipitating . Specifically, 
for example, phosphoric acid is added to an aqueous solution 
containing calcium nitrate, titanium sulfate and a small amount 
of an alkali component dissolved therein, followed by aqueous 
ammonia is added to adjust pH to the vicinity of 9, and the 
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suspension obtained is stirred at 80 to 100°C for 4 to 8 hours, 
thereby a dispersion of the titanium compound can be obtained. 
This solution is filtered, and the material filtered off is 
washed and dried, thereby a powder of the titanium compound of 
the present invention can be produced. In dissolving calcium 
nitrate and titanium sulfate, formation of calcium sulfate can 
be suppressed by adding a small amount of an alkali component. 

As a reaction formula in this case, the following is 
considered. 
Reaction Formula 1: 

Ca(N0 3 ) 2 + TiOS0 4 

I Alkali neutralization 

(Ca(OH) 2 + TiO(OH) 2 ) 
i H 3 P0 4 

(Caio(P0 4 ) 6 (OH) 2 + TiO(OH) 2 ) 
i NH 4 OH 

[ Ca 10 ( P0 4 ) 6 ] Ti0 3 nH 2 0 ( 1 ) 

or 

[Ca 10 (PO 4 ) 6 ]TiO 2 (OH) 2 (2) 

Next, the method for producing the sintered body of the 
titanium compound of the present invention is described. 

The sintered body of the titanium compound of the present 
invention can be produced by sintering a powder of the titanium 
compound at a temperature exceeding 800°C. Where the 
temperature is 800°C or lower, there is the possibility that 
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the titanium compound cannot be sintered, or a sintered material 
easily disintegrates . 

The upper limit of the sintering temperature is not 
particularly limited so long as the titanium compound can be 
sintered, but it is preferable to sinter at 1,500°C or lower. 

Further, the sintered body of the titanium compound of 
the present invention is preferable to sinter the titanium 
compound under an inert gas atmosphere and/ or under reduced 
pressure. The inert gas used here is preferably xenon and/or 
argon. Further, pressure when sintering is preferably 
atmospheric pressure (10 5 Pa) or lower, more preferably 10 Pa 
or lower, further preferably 10~ 2 Pa or lower, and most 
preferably 10" 4 Pa or lower. In this case, the sintering may 
be conducted only under an inert gas atmosphere, or only under 
reduced pressure. However, it is more preferable that the 
sintering is conducted under an inert gas atmosphere and also 
under reduced pressure. 

The sintering time is not particularly limited so long 
as the sintered body of the titanium compound is obtained. 
However, for example, the sintering time can be 15 minutes or 
more, preferably 12 hours or more, more preferably 24 hours or 
more, and further preferably 48 hours or more. There is the 
tendency that longer sintering time provides a sintered body 
having higher hardness. Further, the upper limit of the 
sintering time is not particularly limited, and can 
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appropriately be determined according the hardness of the 
sintered body, and the like. However, for example, the upper 
limit can be 72 hours or less, and preferably 36 hours or less. 

For example, when sintering for 30 minutes under an 
atmospheric pressure, it is preferable to sinter at 1,250 to 
1,450°C, and when sintering for 30 minutes at 10' 4 Pa, it is 
preferable to sinter at 850 to 1,350°C. 

The sintered body of the titanium compound of the present 
invention comprises perovskite (CaTi0 3 ) and whitlockite 
(Ca 3 (P0 4 )2) • In this case, it is preferable from the standpoint 
of hardness that a-tricalcium phosphate (hereinafter referred 
to as "a-TCP" ), anatase titanium dioxide or hydroxylapatite 
is not substantially contained in the sintered body of the 
titanium compound . 

As a reaction formula in this case, the following is 
considered. 
Reaction Formula 2: 

[ Ca 10 ( P0 4 ) 6 1 Ti0 3 nH 2 0 ( 1 ) 

or 

[Ca 10 (PO 4 )6]TiO 2 (OH) 2 (2) 

i Sintering 
3Ca 3 (P0 4 ) 2 + CaTi0 3 
Whitlockite Perovskite 

Next, the sintered body obtained by sintering a mixture 
of the titanium compound and the inorganic substance is 
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described. 

The inorganic substance used in the present invention is 
not particularly limited so long as a sintered body can be 
obtained by mixing with the titanium compound. For example, 
calcium hydroxy apatite , calcium f luoroapatite , p-TCP, a-TCP, 
tetracalcium phosphate, metallic titanium, titanium oxide, 
platinum, and the like can be mentioned. Of those, p-TCP is 
preferable from the point that it can easily be substituted with 
a bone tissue in a living tissue. Further, those inorganic 
substances may be used alone or as mixtures of two or more 
thereof . 

The sintered body of the mixture of the titanium compound 
and the inorganic substance of the present invention can be 
produced by sintering the mixture of the titanium compound and 
the inorganic substance at a temperature exceeding 800°C. 

The mixing ratio of the titanium compound and the 
inorganic substance is not particularly limited so long as a 
sintered body of the mixture is obtained. Weight ratio of 
titanium compound : inorganic substance can be 99:1 to 1:99, 
preferably 95:5 to 30:70, and more preferably 90:10 to 50:50. 

Inert gas, pressure, temperature range, time, and the 
like used when sintering are appropriately determined depending 
on properties of the inorganic substance or its mixing ratio, 
but can be nearly the same as the conditions when producing the 
sintered body of the titanium compound as described above. 
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Example 1 

Production of Titanium Compound: 

0.1 mol of calcium nitrate (Ca(N0 3 ) 2 ) and 0.1 mol of 
titanium suf late (TiS0 4 ) were dissolved in about 500 ml of water, 
followed by neutralizing with an alkali . After adding 0 . 06 mol 
of phosphoric acid (H 3 P0 4 ) , aqueous ammonia was added to adjust 
pH to 9.0, followed by stirring at 100°C for 6 hours. The 
precipitates obtained was filtered off, and dried, thereby 
obtaining about 10 g of a powder of the titanium compound 
represented by the formula (1) or (2). 
Example 2 

Sintering of Titanium Compound: 

About 3 g of the powder of the titanium compound obtained 
in Example 1 was kneaded with purified water, and placed in a 
mold, molded, and then air-dried. The air-dried product was 
dried in a drying oven at 100°C for 24 hours. The dried sample 
was placed in a vacuum heat-treating machine, and held at 
various temperatures under an atmospheric pressure or in vacuum 
(10~ 4 Pa) for 30 minutes to sinter the same. After stopping the 
heating, the sample was allowed to stand to room temperature. 
Regarding the sample sintered in vacuum, it was allowed to stand 
to room temperature, and after introducing argon gas, and was 
taken out . Regarding the sintered body of the titanium compound 
obtained, crystal analysis by X ray diffraction was conducted. 
Fig. 1 shows the result of X ray diffraction in the case of 
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sintering at 1 # 300°C in vacuum. Further, Fig. 1 also shows X 
ray diffraction patterns of perovskite and whitlockite. 
Further, the results are summarized in Table 1. 

It is seen from Table 1 that in the case of sintering at 

1,300°C and 1,400°C under atmospheric pressure, a sintered body 
substantially consisting of perovskite and whitlockite is 

obtained, and at from 900°C to 1,300°C under vacuum, a sintered 
body substantially consisting of perovskite and whitlockite is 
obtained. 

Further, due to that those sintered bodies of the titanium 
compounds substantially consist of perovskite and whitlockite, 
it was proven that the titanium compound represented by the 
formula (1) or (2) changed perovskite and whitlockite by the 
above reaction formulae. 



14 



TABLE 1 



Sintering 


Under atmospheric 


Under vacuum 


Temperature ( °C ) 


Pressure 




Before sintering 


Hydroxy apa t i t e 
(Ti compound was slightly confirmed) 


600 


— 


Hydroxy apa t 1 t e 


800 


Whitlockite 


Whitlockite 




Anatase Ti0 2 


Perovsklte 




Hydroxy apa t 1 t e 


Hydroxy apa t 1 t e 


900 


- 


Whitlockite 
Perovsklte 


950 




Whitlockite 
Perovsklte 


1000 


Whitlockite 


Whitlockite 




Anatase Ti0 2 


Perovsklte 




Hydroxy apa t 1 t e 




1100 


Whitlockite 


Whitlockite 




Perovsklte 


Perovsklte 




Hydroxyapatite 




1200 


Whitlockite 


Whitlockite 




Perovsklte 


Perovsklte 




Hydroxyapatite 




1300 


Whitlockite 


Whitlockite 




Perovsklte 


Perovsklte 


1400 


Whitlockite 


Whitlockite 




Perovsklte 


Perovsklte 
a-TCP 


1500 


Whitlockite 


Whitlockite 




Perovsklte 


Perovsklte 




a-TCP 


a-TCP 



Example 3 

About 3 g of a powder of a titanium compound produced by 
a coprecipitation method was kneaded with purified water, 
placed in a mold, molded, and then air-dried. The air-dried 
product was dried in a drying oven at 100°C for 24 hours. The 
dried sample was placed in a vacuum heat-treating machine, and 
held at various temperatures under an atmospheric pressure or 
in vacuum (10~ 4 Pa) for 15 minutes to sinter the same. After 
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stopping the heating, the sample was allowed to stand to room 
temperature. Regarding the sample sintered in vacuum, it was 
allowed to stand to room temperature, and after introducing 
argon gas, and was taken out. Regarding the obtained sintered 
body of the titanium compound, microvickers hardness was 
measured. The results are shown in Fig. 2. 

It is seen from Fig. 2 that a sintered body of a titanium 
compound, having high hardness is obtained. Further, it is seen 
that a sintered body having higher hardness can be obtained in 
the case of sintering in vacuum, as compared with the case of 
sintering under atmospheric pressure. 
Example 4 

About 3 g of a mixture obtained by mixing a powder of a 
titanium compound produced by a coprecipitation method and a 
powder of (3-TCP as an inorganic substance was kneaded with 
purified water, molded and dried in the same manner as in Example 
3. The dried sample was held at 1,350°C under a pressure of 
10" 4 Pa for 15 minutes to sinter the same. The content of (3-TCP 
to the whole amount of the mixture was 25 wt%. After stopping 
the heating, the sample was allowed to stand to room temperature, 
and after introducing argon gas, was taken out. Regarding the 
obtained sintered body of a mixture of the titanium compound 

and {3-TCP, microvickers hardness was measured at three portions. 
The results are shown in Fig. 3. 

It is seen from Fig. 3 that fJ-TCP, which is difficult to 
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sinter alone, can be sintered by mixing with a titanium compound. 
Further, it is seen that the obtained sintered body of a mixture 
of the titanium compound and (3-TCP has hardness equal to or 
higher than the case of the titanium compound alone. 

Industrial Applicability 

The sintered body of the titanium compound of the present 
invention has high hardness, and can be used as an artificial 
bone material, an artificial joint material, an artificial 
tooth material or an artificial dental root (implant) material. 
Further, the sintered body of the titanium compound of the 
present invention can be processed to form an artificial bone, 
an artificial joint, an artificial tooth or an artificial dental 
root. Further, an artificial bone, an artificial joint, an 
artificial tooth or an artificial dental root can be obtained 
by sintering the sintered body of the titanium compound of the 
present invention into the desired shape of an artificial bone, 
an artificial joint, an artificial tooth or an artificial dental 
root . 
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